SUMMARY A gelatinous coat, heterogeneous in appearance, was formed over damaged rat gastric mucosa recovering from acute ethanol injury. This coat, in places 1*6 mm thick (median thickness 680 iim), was 10 times thicker than the translucent layer of adherent mucus (median thickness 70 ,um) covering the undamaged mucosa. Immunohistochemistry and periodic acid Schiff staining showed this gelatinous coat to be predominantly a fibrin gel with an exterior layer rich in mucus and necrotic cells. The plasma clotting time was significantly decreased in vitro by pig gastric mucus gel and soluble mucus glycoprotein (90% and 13% respectively) suggesting that in vivo the mucus layer remaining after epithelial damage could act as a template for fibrinogen-fibrin conversion. These results show that a fibrin based gelatinous coat, quite distinct from the adherent mucus layer and with considerable protective potential could be formed over the repairing rat gastric mucosa after acute ethanol damage.
A thin layer of water insoluble mucus gel can be observed adherent to the undamaged gastric mucosal surface: in man and rat the median thickness is about 180 iLm and 80 ,m respectively.' This adherent mucus layer provides the physical basis for the proposed mucus:bicarbonate barrier, a first line in mucosal defence against the endogenous aggressors, acid and pepsin."-By forming a stable unstirred layer on the mucosa, mucus supports surface neutralisation of acid by epithelial bicarbonate.6 Pepsin cannot diffuse through the continuous mucus layer7 and consequently provides a protective barrier between the epithelium and pepsin in the lumen. Pepsinolysis will dissolve the adherent mucus layer at its luminal surface, the continuity ofthe barrier being maintained by fresh mucus secretion. ' The mucus:bicarbonate barrier is part of the mucosal protective mechanism that has evolved against the endogenous aggressors, acid and pepsin.
It does not, however, appear initially to offer satisfactory protection to exogenous mucosal damaging agents, such as ethanol (>40%), non-steroidal antiinflammatory drugs or hypertonic solutions -for example, 2 M NaCl.9 All these agents permeate the adherent mucus gel layer and when applied topically to the mucosal surface will produce extensive destruction of the epithelial cell layer and in many cases focal haemorrhagic lesions. 112 If mucosal damage is acute and confined to the epithelium with the basal lamina remaining intact, complete and rapid repair will occur through replacement of necrotic cells by preformed cells migrating from the gastric pits.'"'5 This process of re-epithelialisation has been studied in vitro in frog and guinea pig as well as in vivo in rat and man"'9 and is often complete within one hour. With more severe damage, extending deeper into the mucosa beneath the epithelial layer, oedema, vascular congestion and haemorrhage as well as destruction of the pit cells and lamina propria will occur, thus delaying re-epithelialisation. After such damage with associated inflammation, healing will take days to complete. '5 Histological studies after acute mucosal damage by ethanol have shown a massive release of gelatinous material, assigned primarily to mucus and necrotic cells, covering the newly re-epithelialising mucosa. '``A plasma exudate is associated with the formation of this coat and studies have also noted fibrin (from dimensions on electron micrographs) at the damaged mucosal surface."') Such observations suggested to us that this thick, gelatinous coat might be of a different nature from the layer of translucent adherent mucus seen on undamaged or prostaglandin stimulated mucosa.' " Here we report that after ethanol damage the nature of the adherent gastric mucus gel is dramatically changed because of an exudation of fibrinogen, resulting in a composite gel of fibrin, mucus and necrotic cells.
Methods

ANIMALS
Male Wistar rats (180-220 g) fasted for 48 hours were used. After pentobarbitone anaesthesia (60 mg/kg) the stomach was exposed and the oesophagus and duodenum ligated excluding major blood vessels and nerves. In all following procedures 70% (v/v) ethanol, 0-9% (w/v) sodium chloride or formal saline (10% (v/v) formalin in 0-9% (w/v) sodium chloride) were injected into and withdrawn from the gastric lumen by a hypodermic needle inserted through the forestomach. The volume of each fluid injected into the stomach was 4 ml, which inflated the stomach to ensure uniform exposure of the mucosal surface to the solution. When 4 ml 0 9% (w/v) sodium chloride was incubated in the stomach for one hour the abdominal cavity was closed by suturing.
The experimental system of Lacy and Ito'4 was used to prepare the thick gelatinous coat formed after acute ethanol damage. A ligated stomach of an anaesthetised rat was filled with 70% (v/v) ethanol for 45 seconds, a process that immediately destroys 96% of the superficial epithelium."4 The mucosa was then exposed to 0-9% (w/v) sodium chloride for one hour during which time over 90% has been shown to be re-epithelialised. (blown in through a pipette) and the time for the first threads of fibrin to appear was measured. Measurement of coagulation time for each test solution was repeated in independent experiments, by two workers, at least six times.
Gastric mucus gel was prepared by carefully scraping the surface of the stomachs of freshly slaughtered pigs' and the mucus stored frozen until required for plasma coagulation tests. The mucus gel was also homogenised for one minute in four volumes of 0 9% (w/v) sodium chloride and centrifuged (6000 gx one hour) to prepare a solubilised glycoprotein preparation (supernatant).
Statistical analysis was by the Mann Whitney U test.
Results
Mucus thickness was measured by observation of unfixed 1-6 mm sections of mucosa ( (Fig. 4) (Fig. 5 ).
Marked differences were seen in the pattern of staining at the surface of the mucosa after exposure to ethanol for 45 seconds and isotonic saline for one hour (group IV). Thick bands of fibrinogen positive material were present in the gelatinous coat indicating fibrin deposition (Fig. 6) . These fibrin containing areas were hypocellular while large numbers of exfoliated, pyknotic cells and PAS positive mucus were found above, proximal to the lumen (Fig. 7) . Occasionally whole sheets of desquamated, necrotic epithelium were observed above the fibrin layer. In the regions containing exfoliated cells and mucus, fibrin strands were seen streaking away from the main areas of fibrin deposition. The hypocellular bands staining for fibrinogen were only weakly PAS positive. Fibrinogen was also observed in the lamina propria and within the congested blood vessels. Areas of regenerated epithelium were observed although re-epithelialisation was not complete. The peroxidase staining used here does not enable quantification of re-epithelialisation, although it clearly had occurred ( Figs 6 and 7) .
The time for plasma to coagulate (taken as the first appearance of fibrin strands) was measured in the presence of pig gastric mucus gel, mucus solubilised in 0-9% (w/v) sodium chloride or ethanol solutions (30-70% (v/v) in 0-9% (w/v) sodium chloride) ( Table  2) . Pig gastric mucus gel significantly increased the rate of coagulation by 10-fold, less than 10 seconds for coagulation compared with 100 seconds in the control. Two similar experiments using mucus scraped from the surface of rat stomachs also decreased the plasma coagulation time by over a factor visible on the mucosal surface before processing. In this study for example, no adherent mucus was observed on the gastric mucosa from starved animals after fixation and PAS staining (Fig. 4) although it was clearly present on unfixed sections (Fig. Ia) Fig. 4 with Figs 6 and 7) .
It is evident that after acute ethanol damage the rat gastric mucosa is protected against further mucosal damage by a substantial gelatinous coat of fibrin with mucus and necrotic cells. For formation of this gelatinous-fibrin coat plasma exudation is necessary." It remains to be seen whether such protective coats are formed in other situations of mucosal repair after acute damage in animal models and man. Where such a fibrin based gelatinous coat is formed at the mucosal surface it would be expected to be a major contributor to maintaining mucosal protection.
These studies show that exudates of gel after mucosal damage can in large part be fibrin rather than mucus glycoproteins. There are substantial differences in properties and appearance between the adherent mucus layer characteristic of the undamaged mucosa and the fibrin based gel formed group.bmj.com on December 23, 2017 -Published by http://gut.bmj.com/ Downloaded from over repairing damaged mucosa. Such differences between the two types of surface gel put in perspective the conflicting views on the nature of the mucus layer between those working primarily with the ethanol damaged model and those working with unfixed sections of undamaged mucosa.
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